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Degradation of fat by pathogenic leptospirse.

by F. [mane and L. Lovrehnvich.

Personal comuication, 15 November 1958.

Blood ser=m is the most important component of media employed in
the culture of leptospirse (Pletcher, 1928; -z.-isosow 1928; Korthof,
1932; Schuaffaer,. 1940; Teroskich, 1945; Stuart.. 19465; 8-10% rabbit
serum bas been found optil for this purpose.

Is e o benetablishehowever,$wether the decisive effectf
is frnihedb7 abwmn,,aidn atdevitainsoripoid constituents o

blood serum in the culture of leptospira., which do not utilize carbo-
hydrates arnd for this reason propagate at a relatively low rate.

Helprin and Hiatt (1957) shwed that L. icterohaewrrhagiae is
capable of utilising various fatty acids. In this case the blood serumI (dspecially serum albumin) present in the nutrient acts both as an
energy source and as a detoxifying aunt * In addition, as reflected in
the studies of Vorats (1955 and 1957)., the reproduction of L. canicola
is promod not only by fatty acids, but also by aloholic extracts of
rabbit serum, bovine heart muscle anid egg yolk. 3=11 amounts of
lecithin (Nifuchi1 and Kavata, 1953; Fulton and Spooner, 1956) and LMebig's
msat extraet (Gran, 1953) also further the motabolism and developmeont of
leptoapira.

It could be exected, therefore,, that leptospiras of various
4 serotypes are able to cleave fats present in connective tissue.

Initially we used the method employing saturated paper strips toI, demonstrate degradation of beef tallow by leptospirac (Lovrekovich, 1957);
later we developed a mor@sensitive technique.

The procedure in briefs We place glass plates msasuring 12-1U70410
and 1-2 = thick in Wassrman tubes, add snough melted fat (usually
beftallow, lard or technical tristearin) to cover the glass plates

almost completely. The Wasserman tubes filled with fat are then
sterilized for one hour in the antoclave at 1 atmophere excess pressure;

the fat is cooled to 500C and the glass plates are transferred to sterile,



pro-wamed Wassernann tubes. In this manner the surplus fat collects
on the bottom of the tube, leaving a thin fat layer on the glass plates.

The glass plates, covered by a thin fatty layer, are then placed
under sterile conditions in 4-6-day Korthof cultures of different types
of leptoopiree which show vigorous reproduction visible to the unaided
eye. Demonstration of fat decomposition requires well-developed cultures,
since energetic cleavage of fats releases toxic substances that soon
impede further development of leptcspirae.

Degradation of fats was determined during storage of tubes for
7 days at 28-320 C by nearly simultaneous presence of the following mani-
festations:

I. The thin layer of beef tallow adhering to the glass plates loses
its adhesion (in contrast to controls), becomes wrinkled and separates
from the plate after several days (cf. the second tube on the enclosed
illustration). The free membrane either sinks to the bottom of the tube
or rises to the upper layer of the nutrient (cf. the third tube on the
enclosed illustration).

2. The partial y loosened fatty layer reveals either numerous smll-
or a few large "oil droplets" 1-3 - in diameter (probably drops of fatty
acids with a high content of C atom). These drops either separate by
themselves from the wrinkled membrane or do so upon shaking of the tube;
they collect on the nutrient's surface.

3. Meanhle the medium, which has a soapy odor, acquires water- -

soluble, beat-resistant decomposition products (fatty acids) which are
demonstrated by the circumstance that they dissolve various types of
erythrocytes in high dilutions.

4. The pH of the cultures shifts by 0.3-0.6 in the acid direction.

5. Leptospirae degenerate (becoming stiff and motionless) in
proportion to the vigor with which they decompose fat, and perish not
rarely within a few days. In cultures without signs of fat cleavage,
on the otber ai, they occasionally.propagate more vigorously than in
fat-free meda.

Titration of erythroeyte-lysing fatty decomposition products present
in the medium was accomplished by mixing lots of 0.5 al of dilutions,
made wiih normal saline in geometric sequence, with 0.5 al of a 2% sus-
pension of erythrocytes (sheep, cattle, horse, swine, guiea pig, etc.)
which had been washed three times. Hemolysis was analysed after storage
of tubes for 2 hours in a mter bath of 38&C; complete lysis was indicated
by #, 50% lysis by J, and trace effects by /-.
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In the course of our study w emined predominantly the fat de-
eompsition of Hungarian, virulent (&ershly #rwn train# from our
collection. Data on growth, cultural pocultaities and beef tallow

degrsat:on of these strains have been compiled in Table 1.

Accoin to the reut , onl virulent lptaspiro belonging to

serotypes Lteroaemorrbigiae, ean4eel and poaw are able to *leave
beef tallow i-toeely, i.s.., only those strains that cause jaude and
connective tiesse or punoaT hemarrhas in dometic and experimental
anmamls (Syrian wastre and gunea piss).

Fat degradation by leptospirae of types grippotyphosa and hebdomadis
takes place on a smaller scale; it should be noted, however, that we did
not employ fully virulent strains of these types in oar tests.

We were unable to demonstrate cleavage of beef tallow by strains
byos, sejroe and saxkoebing, although we found occasionally tat they
experienced better initial growth in those fatty media than in control
cultures. It is interesting to note that these strains failed to
produce clinical symptos in domestic animals.

We also established that strains which had been grown in pure
culture som time ago and had become avirulent without change in antigenic
structure, had lost some or all of their original ability to cleave fat
and to produce hemotoxzin (Kaemenes, 1958).

Lard was decomposd by our strains somewhat more intensely than beef
tallow, although the membrane adhering to the glass plate was separated
at the most in the form of tin scales. "Oil droplets" were given off
on a larger scale, however, yielding a titer of hemolytic decomposition
products which was usually higher by one dilution.

Examination of rabbit fat revealed no apparent change in the fatty
layer; separation of "oil droplets" was usually absent. On the other
hand, strong hmowlytic titers (164-256) indicated the presence of
extensive cleavage.

In the case of technical tristearin melting at 670C (a product
consisting of more than 90% tristearate of glycerol ester), decomposition
was indicated only by separation of the hard, fatty layer in a form
resembling smooth paper, without production of bemolysing aide products.
Surprisingly enough, this medium promoted the initial growth of strongly
fat-degrading leptospirae in all cases vis-a-vis control nutrients
without this lipoid.

i3



Fat decomposition apparently involves an enzymatic effect (Upase).
Cultures maintained at 4UC do not attack Upoid, although they my be
Atored for days at this temperature without losing their power of cleavage.
Cultures withdr~wn from low teiupertures behave like those exposed to
fatty plates on the gawe day, by decomposing fats most intensely between
28 and 320C. to A lesser extent at higher or lover temperatures.

When cultures are placed in a water bath of 56-60 0 for 10 minutes,
lipoid decomposition is reduced but little, although leptospirae and the
hemotoxin produced by thea are, inactivated thereby. Inactivation of the
fat-cleaving ability normally sets in after 10 minutes in a water bath
Ul V0C.

It is interesting to note that the original ability to degrade fats
is demr';..ted as before in non-cellular filtrates of L. canicola, and
L. pomana, whiereas this power is reduced in filtrates of L. ictero-
hemrrhagi&e.

The appropriate hemlytic decomposition products are also produce
by the effect of lipase. In contrast to heotoxin, they are resistant
to heat and capable of lysing erythrocytes of ruminants (sheep, cattle
and goats) and other species, especia a1y those of guinea pigs, in high
titers.

Discussion

As reflected by the study, there are considerable differences among
virulent leptospirae of various tnmp with respect to fat decomposition.
Our results agree with reports of utilization of different fatty acids
and lipoids,, particularly on the part of L. icterohaeuorrhagiae (KWfuchi
and Kaata, 1953; Fulton and Spooner, 1956;- Helprin and Hiatt,, 1957) and
L. canicola, (Worats, 1955 and 1957). In similar experiments with L. hyos
and L. grippotyphosa, Gothe (1957) was unable to got results of equal
weight.

As sholui unequi vocally by our omrative studies of pancreatic and
bacterial Up&se (Burtok and Kemenes, 1958), fat decomposition by lepto-
spiras involves the action of lipase. Our expriments show that fats
attacked by loptospirae, as in the case of pancreatic and bacterial
lipases, are left on the glass plates in the form of a mealy, white
deposit after drying,, while beef tallow separates easily in the fors of
a creased msbrane. Neanuile the fatty layer secretes "oil. droplets,,
(probably drops of fatty acid with a high cotent of Oj atoms) which
colleat on the varfce of the nutrient and exude a soaty odor; at the
same tim the degraded fats give off thermostable decomposition products
(fatty acids) that act toxically on red blood cells and on leptospirac.
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tThe pathological significance of leptospiral Upof d decomposition
lies in the fact that those grotype that attack fats vigorously can
caus e c and herrhages in the onoeitpve taisue, the lung,

scls, tc.

The cireumstane that strains m ojzcted to prol y la oratory
culture betom svirulent i be due to the lss of their original abioity
to prodsce heztoxin (tes, 1958) and partial or omplete estion of
lipoid cegradatio .

A now method (utilyzing glass plates covered with a thi layer of

fatm), wasiloe lain te tudco hltic decompotion (epodcsint theo

beeftalw ) b pathogenic leptospiroe.fca institaetiol olletien.

SThe tested fats wre attacked mat vigorously by virulent leptospirae

belonging to serotypes L. icteroaemrrhagi , Ls e anieols and L. pona,
to a lesser extent by types grippotypho and badice. No demotrab e
lUpotd cleavage we evidenced by virulent strains byos, eJroe and
szkoebing, or by avirulent strains subjected to protracted laboratory

culture. iApan ontanned in the leptospirse aas the fats to give off
"oil droplets* (probably drops of fatty acid with a high content of C
atom), while releasing toxic, hewlytic deomaposition products into the
soapy-amL~ng nutrient. The pathological importance of fat cleavage by
leptospire ought to involve the fact that serotypes which attack lUpoid

~mst intenselyr are usually capable of causin~g jaundice and hemorrhages
! in various tissues.
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Table 1.

Origin, cultural properties and data on beef tallow decomposition
by leptospirae of diffrent erotypes.

Leptospira. strains Data on 11poid doe ution
I after incubation at 30'C for 1 week

'~~~ ~ 0iA 9 195 a )' l .
canS -.4e 34 -A5 1 + + a V:2 . t e

x 549 48 "4 0- d6

aN a 4 .. . .s.4

mc ~ 4ko $95 + ' + +id2 .

V -4
icter,- Rn -,?1- 1956 +" 4. + 11 6:5 geerated.
haeor- JKondratly 1948s f ~ 1S 61
rhagiae 542(Fuchs) 1946 - - - 1:4 6.9 lively

Budapest1 19574 +) 4 + 1:128 6.4
can4- Budapst 3 1957 + ~ + + 1:128 6.6 strongly do-
cola X 53 1953 (+) .- 4. +" 1:64 6.5 generated,

KiImsok 1953 - - - (4) 1:64 6.5 partly
Standard 1944 - - - 1:16 7,. ..st.y
Akcsbokod 1956 + + + +' 1-128 6.5
Tarjan 1957 + +' t + 1:128 6.6 strongly do-
,- Perjeapussta 1956 (' ) + N 1:64 6.6 generated

ws Naamgocs 1955 + + 1:64 6.e
NeSsanohI 1941- - 4- - 1:32 6.
o rlov 19, -my - - "1:4 7.0)
ph_ 1938 . . . . '1:4 7.21 lively

o .1946 -94 e-l:4 7.0
Dj 73 1954 (4) 1:32 6.8 degenerated

grp eOU d 19514- .- 1:32 6.6
poty- Sztrlok 1914 - '14 7.2
pboa Btovis 1948 - - - - '1:4 7.2 lively

Gayot 1954 - - - - '1:4 7.1

-hebdo- AkiyaiB 1947 .. 1:32 6.
Ij s _2b i 196 - - - 16 rigid
I ) It~oa & 1958 + - - - '1:4 7.0

704)I icoo 1957 C 1:4 7.:2 lively
S&- jM1951 4 1:4 7.0 mtlt

koe- bopino 1950 -- '1:4 7.1
MMza iks2 1949- 4 134 7.1

Ictskmt 4 195? +' - - 1:4 7.1
hyos PNspoekl. 1956 r '1:4 7.1
(mitts) kEeg 1958 + - - 41*4 7.2 lively

zosown 298 1955 -. - 1:4 7.1 mtility
Mitis(Johaon) 1939 -. . .. ':4 7.2
DV-A 1938 . . . . 'l:4 7.2

Control 1: uninoculated Kortbof
modium with fatty plate " - .1:4 7.2

Control 2: Korthof sodium without fatty plate 7.2
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Svigorous (virulent)
= moderate (mnodately virulent)
= weak (nearly avirulent)
= negative (avirulet)

Table 1.

"Zthrocytic titration of ImlytA dfoositon products in a
culture of L. canicola on the 7tb day of beef tallow cleavage.

Type of erythrocyte Dilution of canoola culture 1:
4 8 16 32 64 18 256 512

Sheep, cattle& Pat # # ,9 # ,4' - - -

Horse,dn g /1 /1 # ," - - -

Guiinea pis # ##
Illustrations

Fig. 1. Culture of L. by" with unchanged fat plate. The strain
does not decopose fat.

Fig. 2. Oalture of L. ictero mrrhagiae ith fat plate on the
4th day of posure. The wrinkled fat layer has separated in part froa
the fat platelet.

Fig. 3. Culture of L. canicola with fat plate on the 6th day of
exposure. The fatty Layer has separated and has risen to the upper
stratum of the culture.
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